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a b s t r a c t

An ammonium sulphate fraction (20–60%) of bifunctional amylase/protease inhibitor from ragi (Eleu-
sine coracana) was purified by affinity chromatography to give 6.59-fold purity with 81.48% yield. The
same ammonium sulphate fraction was also subjected to ion exchange chromatography and was purified
4.28-fold with 75.95% yield. The ion exchange fraction was subjected to gel filtration and the inhibitor
eywords:
ifunctional amylase/protease inhibitor
ffinity chromatography

on exchange chromatography

was purified to 6.67-fold with 67.36% yield. Further sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed to check the homogeneity of purified amylase/trypsin inhibitor
obtained through affinity, ion exchange and gel chromatography. The molecular weight of the inhibitor
was found to be 14 kDa. This purified inhibitor was used as affinity ligand for the purification of a

of pan
el filtration
odium dodecyl sulphate-polyacrylamide
el electrophoresis

commercial preparation

. Introduction

The amylase inhibitors are widely distributed in higher plants
nd microorganisms. In case of higher plants, many kinds of amy-
ase inhibitors have been purified, mainly from cereals and legume
eeds. Research on plant amylase inhibitors for most part has been
oncerned with cereals plants because of the importance of cereals
s a rich source of protein for animal and human consumption. The
nhibitors are widely distributed among cereal grains such as ragi,
ye, kidney bean, barley, maize and pea [1]. Some of the amylase
nhibitors are produced by microorganism such as Streptomyces
iastaticus [2], Streptomyces tendae, Streptomyces aurofaciens [3].

Plant proteins that inhibit various types of enzymes have been
xtensively studied. The most commonly occurring inhibitors are
he proteinase and amylase inhibitors. �-Amylase inhibitors, which
re proteinaceous in nature, are widely distributed in the plant
ingdom [4]. These inhibitors have been isolated and purified from
everal sources, particularly from cereals.

Cereal amylase inhibitors are mostly double headed in nature.
ouble-headed inhibitors often show two different binding sites
hich are specific to different proteases. However, in some cases,
specially from cereals, bifunctional protease/�-amylase inhibitors
ave also been reported [5,6]. These inhibitors have specific action
gainst mammalian and insect amylase and trypsin enzyme. Cereal
nhibitors have generally low molecular weight (10,000–50,000).
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These inhibitors have natural role in the control of endogenous �-
amylase activity or in the defense against pathogen and pests [7].
Amylase/trypsin inhibitors are reported to be anti-nutritional fac-
tor and have therapeutic application [8]. Apart from this defense
mechanism these bifunctional inhibitors are potentially valuable
‘two-in-one’ affinity ligands for the purification of proteases and
�-amylases.

Lately there has been considerable effort in developing affinity-
based efficient bioseparation protocols for enzymes/proteins with
fewer steps [9,10]. A critical factor is the cost of the affinity lig-
ands. Hence efficient purification procedure for a double-headed
inhibitor serves two purposes: (a) reduces the cost of the affin-
ity ligand; (b) twin uses of the same affinity media mean greater
convenience as well as further economy.

In the present work, the ammonium sulphate fraction (20–60%)
from ragi was taken for further purification by affinity chromatog-
raphy. Attempts were also carried out to purify amylase/trypsin
inhibitor from ragi by ion exchange chromatography on cation
exchanger. This was followed by gel filtration [11]. The purified
amylase/trypsin inhibitor was further used as affinity ligand for
the purification of a commercial preparation of pancreatic amylase
[12].

2. Materials and methods
2.1. Materials

Ragi seeds (Eleusine coracana) were purchased from local mar-
ket. Seralose 6B was procured from Sisco Research Lab, Mumbai,

ghts reserved.
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ndia. Pancreatic amylase (12.5 U/ml) was procured as a gift sam-
le from Biocon India Ltd., Bangalore, India. Trypsin (450 U/mg)
as procured as gift sample from Advanced Biochemical Ltd.,

hane, Mumbai. Sulphopropyl cation exchanger (ECONO-PAC High
) pre-packed column was purchased from Bio-Rad Ltd., India.
ephadex G-50 was purchased from Amersham Bioscience Ltd.,
hennai, India. Disodium hydrogen phosphate, sodium dihydrogen
hosphates and enzyme grade ammonium sulphate, acrylamide,
,N-bisacrylamide, glycerol, glycine, ammonium persulphate and

etra methylene ethyl diamine (TEMED) were purchased from Sisco
esearch Lab, Mumbai. India. Molecular marker was purchased

rom Banglore Genei Pvt. Ltd. Tris buffer AR, copper sulphate pen-
ahydrate, sodium potassium tartarate AR, Folin-Ciocalteu phenol
eagents were purchased from E Merck (India) Ltd. All other chem-
cals used were of analytical grade.

.2. Methods

.2.1. Estimation of amylase inhibitor/trypsin inhibitor activity
nd protein content

The amylase inhibitor activity was calculated using starch as
he substrate [13]. The assay was carried out at 37 ◦C. One unit of
mylase inhibitor was defined as that amount, which inhibits the
ctivity of porcine pancreatic amylase by 1 U under the assay condi-
ions [14]. Trypsin inhibitor activity of the crude ragi extract as well
s various fractions obtained during the course of purification was
stimated using casein as the substrate [15]. One trypsin inhibitor
nit was equivalent to decrease in absorbance by 0.01 units at
80 nm.

Protein content of inhibitor rich fractions was determined by
he Folin–Lowry method [16] using bovine serum albumin as the
tandard protein. Fold purity and recovery yield (% yield) were cal-
ulated as mentioned below:

old purity (FP) = Specific activity after purification
Specific activity before purification

ecovery (% yield) = Total activity after purification
Total activity before purification

× 100

.2.2. Preparation of crude inhibitor extract of ragi (E. coracana)
Preparation of crude inhibitor extract of ragi was carried out

sing the method followed by Saxena et al. [17].

.2.3. Purification of amylase/protease inhibitor

.2.3.1. Ammonium sulphate precipitation. Ammonium sulphate
recipitation was carried out using the method followed by Saxena
t al. [17] and the 20–60% fraction was used for further purification
tudies.

.2.3.2. Affinity chromatography. Seralose 6B, agarose-based
atrix was activated with Cyanogen Bromide (CNBr) using the
ethod followed by Hermanson et al. [18]. The gel was then
ashed with ice-cold water and ice-cold coupling buffer (0.1 M
aHCO3, pH 8.5). 20 ml of this CNBr activated matrix was sus-
ended in equal volume of coupling buffer (0.1 M NaHCO3, pH 8.5),
hich contained 2% (w/v) of trypsin ligand. The gel was stirred

t 4 ◦C, 24 h and then washed several times with coupling buffer
0.1 M NaHCO3, pH 8.5), 1 M NaCl and water to remove unreacted
igand. The excess active site on the gel was blocked by suspending
t in 1 M ethanolamine (pH 9, 1 h) and then packed in a column

Pharmacia LKB 10 cm, internal diameter 1.0 cm; bed volume
ml) with equilibrating buffer (0.02 M phosphate buffer, pH 6.9,
0 ± 2 ◦C). The column was equilibrated with 5 column volumes of
inding buffer (0.02 M phosphate buffer, pH 4.0) at a linear flow
ate of 0.693 cm/min. After loading of 20–60% ammonium sulphate
B 878 (2010) 1549–1554

fraction, the column was washed using same equilibration buffer
(0.02 M phosphate buffer, pH 6.9, linear flow rate of 0.693 cm/min)
till the effluent was free from protein. After washing, elution was
carried out using a mixture of 50 mM HCl and 20 mM NaCl (pH 3.0).
The effluent fractions (0.5 ml, 20 fractions, isocratic elution) were
collected using a fraction collector (Bio-Rad Model 2110). Enzyme
inhibitor activities (U/ml) of all the fractions were analyzed using
the aforementioned methods. The effluent protein concentration
was detected at 280 nm and the elution chromatogram was plotted
[11].

2.2.3.2.1. Batch study to determine adsorption of amylase/trypsin
inhibitor on affinity matrix. Adsorption isotherm, required in order
to determine adsorption capacity of adsorbent for amylase/trypsin
inhibitor, was determined as follows.

Dilutions of ammonium sulphate fraction (20–60%) containing
different concentrations of amylase inhibitor (0.095–11.44 U/ml)
and trypsin inhibitor (3.3–400 U/ml) was loaded in stoppered
tubes containing 1 ml of pre-equilibrated matrix (0.02 M phosphate
buffer, pH 6.9, 30 ± 2 ◦C). The tubes containing loaded amy-
lase/trypsin inhibitor fraction was kept for equilibration on a rocker
shaker, till the supernatant equilibrium concentration of protein
and enzyme activity was reached. 0.1 ml sample was removed from
supernatant and assayed for enzyme inhibitor activity as described
in Section 2.2.1. A graph was plotted between adsorbed enzyme
inhibitor activity (q*) versus corresponding supernatant equilib-
rium concentration (C*). The plots indicate the nature of adsorption.
The amount of enzyme bound to the adsorbent q* was calculated as
the difference between total amount of enzyme units loaded and
units present in the supernatant after 2 h of equilibration. Maxi-
mum adsorption capacity qmax was determined from the plot of q*
versus C* and the type of isotherm was found by plotting a graph
of 1/q* versus 1/C*. Dissociation constant kd between enzyme and
ligand was determined as follows:

Adsorption isotherm equation:

q∗ = qmC∗

kd + C∗ (1)

where kd = dissociation constant of the equilibrium reaction.
Rearranging Eq. (1) we get

C∗

q∗ = C∗

qm
+ kd

qm
(2)

Value of kd can be determined from straight-line plot of C*/q*
against C*. The intercept of such plots on the C* axis is at −kd.

2.2.3.3. Purification of amylase/trypsin inhibitor by ion exchange
chromatography. Purification was carried out using pre-packed
Bio-Rad sulphopropyl cation exchanger (ECONO-PAC High S)
matrix [19] having a column diameter of 10 mm and bed volume
of 3 ml. The column was equilibrated using 4 column volumes of
0.02 M phosphate buffer, pH 6.9. 4 ml of ammonium sulphate puri-
fied enzyme inhibitor sample was loaded onto this column and
linear flow rate was maintained at 0.693 cm/min. This was followed
by washing the column with the equilibrating buffer (0.02 M phos-
phate buffer, pH 6.9) to remove unbound or weakly bound protein.
Elution (0.5 ml, 16 fractions, gradient elution) was done by increas-
ing the ionic strength of buffer (0.02 M phosphate buffer, pH 6.9)
stepwise from 0.1 to 1 M using NaCl. Protein eluted in each step
was checked for amylase/trypsin inhibitor activity [20].

2.2.3.4. Purification of amylase/trypsin inhibitor by gel permeation

chromatography on Sephadex G-50. The partially purified ion
exchange fraction (fractions 3–15) was further purified by gel chro-
matography. Sephadex G-50 was selected as the matrix [20,21]. 5 g
of Sephadex G-50 was kept for swelling in 80 ml of 0.02 M phos-
phate buffer, pH 6.9. After 6 h the gel was deaerated by applying
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Fig. 1. Equilibrium adsorption isotherm for the (a) adsorption of amylase inhibitor

3.1.1. Elution chromatogram of amylase/trypsin inhibitor
Elution chromatogram is as shown in Fig. 3. The eluted frac-

tion was analyzed with respect to amylase/trypsin inhibitor activity
(U/ml). The peaks recorded were symmetrical. It was observed that
L. Saxena et al. / J. Chrom

acuum and resuspended in fresh buffer (0.02 M phosphate buffer,
H 6.9). Around 5 ml of buffer (0.02 M phosphate buffer, pH 6.9)
as filled into a column (bed height 15 ml) and the equilibrated gel
as slowly added. 4 ml sample (ion exchange purified) was then

oaded on the column and followed by elution using 0.15 M phos-
hate buffer, pH 6.9, having a linear flow rate of 0.693 cm/min. The
raction sizes were approximately 0.5 ml (13 fractions) and were
nalyzed for amylase/trypsin inhibitor activity.

.2.4. Electrophoresis and molecular mass determination of
urified amylase/protease inhibitor

SDS-PAGE electrophoresis was performed to check the homo-
eneity of amylase/trypsin inhibitor purified through packed bed
ffinity, ion exchange and gel chromatography. It was carried out
sing 15% gel as per the procedure stated in the literature [22] on
Thermo Electron Corporation gel electrophoresis unit and was

ompared with standard molecular weight markers.

.2.5. Immobilization of amylase inhibitor on Seralose 6B matrix
Amylase inhibitor from ragi purified using affinity chromatog-

aphy was used as ligand sample. 2 ml of CNBr activated Seralose 6B
using method described in Section 2.2.3.2) was suspended in 10 ml
f amylase inhibitor solution (1.41 U/ml) and kept in an incubator
haker (100 rpm, 4 ◦C) for 8 h. 0.5 ml supernatant was removed after
very 2 h and checked for amylase inhibitor activity. The Seralose
B beads immobilized with amylase inhibitor were then washed
ith 0.02 M phosphate buffer (pH 6.9). 2 ml of 1 M ethanolamine

f pH 9.0 was added to block the active cyanate ester functional
roups. The reaction was allowed to take place for 1 h. The beads
ere then washed with distilled water to remove ethanolamine.

.2.6. Interaction of immobilized amylase inhibitor and
ancreatic amylase

0.1 g of commercial pancreatic amylase (pancreatin) was dis-
olved in 100 ml of 0.02 M phosphate buffer, pH 6.9. The Seralose 6B
eads containing immobilized amylase inhibitor were suspended

n 2 ml of pancreatin solution. It was then kept in incubator shaker
t 100 rpm and 4 ◦C for 90 min. 0.5 ml of supernatant was removed
fter 30, 45, 60 and 90 min and checked for amylase activity by
NSA method at 540 nm [13].

.2.6.1. Definition of amylase unit. One unit of amylase enzyme is
efined as the amount of enzyme that liberates 1 �mole of reducing
ugar (calculated as glucose) per min at 37 ◦C under assay condi-
ions [23].

All the experiments were performed in triplicates and the dif-
erence in the readings was less than or equal to ±3%.

. Results and discussion

.1. Affinity chromatography

Equilibrium adsorption isotherm was studied to find out the
ype of isotherm pattern followed by the affinity system devel-
ped for the purification of amylase/trypsin inhibitor. The enzyme
nhibitor followed a typical Langmuir type of isotherm as seen in
ig. 1. There is a possibility that the enzyme inhibitor is interacting
ith the ligand through one of its active site, since amylase/trypsin

nhibitor in sample solution binds with the trypsin ligands at its
-terminal site. It clearly shows that amylase inhibitor active site

s free for taking part in the reaction. The amylase/trypsin inhibitor

ctivity showed a sharp breakthrough pattern (Fig. 2). This indi-
ates a good performance of the affinity matrix. The reason behind
hese observations may be that either the ligand could be hav-
ng strong affinity for the enzyme inhibitor or the linear flow rate
0.693 cm/min) is very low [24]. Also the dissociation constant (kd)
activity from ragi (Eleusine coracana) on trypsin coupled affinity ligand and (b)
adsorption of trypsin inhibitor activity from ragi (Eleusine coracana) on trypsin cou-
pled affinity ligand. Where q* is adsorbed enzyme inhibitor activity (U/ml) and C* is
corresponding enzyme inhibitor activity in supernatant.

value (determined by putting value from plot 1/q* versus 1/C* in
the Langmuir adsorption isotherm) was found to be 1.17 × 10−5 M
which is within the range with the findings of Scopes [19] who
observed that kd value should be between 10−4 and 10−8 for better
adsorption and elution of the proteins.
Fig. 2. Breakthrough curve of amylase/trypsin inhibitor adsorption obtained from
ragi (Eleusine coracana) on trypsin coupled affinity ligand.



1552 L. Saxena et al. / J. Chromatogr. B 878 (2010) 1549–1554

Table 1
Overall purification of amylase/trypsin inhibitor from ragi (Eleusine coracana).

Step Vol (ml) Inhibitor Unit/ml Total activity
(unit)

Protein content
(mg/ml)

Total protein
content (mg)

Specific activity
(U/mg)

F.P % Yield of
inhibitor

Ammonium sulphate fraction
(20–60%) 12

AIU 3 36.3
0.6

7 5.1 1 100
TIU 100 1200 182 1 100

Affinity chromatography 21
AIU 1.4 30

0.04
1 33.6 7 82

TIU 41 859 974.4 5.3 72

Ion exchange chromatography 24
AIU 1.2 28

0.05
1.3 22 4.3 76

TIU 42 1002 789 4.3 84

IEC + gel permeation AIU 0.2 25 1 34 7 67

A were
r

b
i
b
S

a
a

3

i
w
e

6

F
r

chromatography 120 TIU 5 604

IU, amylase inhibitory unit; TIU, trypsin inhibitory unit. The above experiments
eadings varied in the range of ±3%.

oth amylase and trypsin inhibitor activities were found in sim-
lar fractions; even the affinity purification did not separate the
ifunctional inhibitors. Similar findings have also been reported by
hivaraj and Pattabiraman [20].

Recovery of 82 and 72% and purification fold of 7 and 5.3 of
mylase inhibitor and trypsin inhibitor respectively was obtained
s given in Table 1.

.2. Ion exchange chromatography

Fig. 4 shows the elution chromatogram of amylase/trypsin

nhibitor during purification by ion exchange chromatography. It

as observed that between fractions 5 and 15 there was a consid-
rable increase in inhibitor activity.

Binding of the amylase/trypsin inhibitor was carried out at pH
.9. This was because isoelectric point for the enzyme inhibitor was

ig. 3. Elution chromatogram of amylase/trypsin inhibitor from affinity chromatog-
aphy for (a) amylase inhibitor and (b) trypsin inhibitor.
0.01 838.3 5 50

carried out in triplicates and individual (in terms of specific activity and % yield)

reported to be more than 10 [25]. Thus at pH 6.9 the enzyme would
be positively charged. As a result of this it could be exchanged with
the counter ions of sulphopropyl cationic resin. It was observed
that the enzyme inhibitor could be eluted using 0.1–1 M NaCl. The
chromatographic fractions thus obtained were checked for both
amylase and trypsin inhibitor activities. Using this method amy-
lase inhibitor was purified 4.3-fold with 76% yield and trypsin
inhibitor was purified 4.3-fold with 84% yield (Table 1). It was how-
ever observed that ion exchange chromatography showed lesser
purification as compared to affinity chromatography. This may be
because in ion exchange chromatography separation is based on
charge of the biomolecules and as seen in Fig. 4 even the unwanted
proteins have the same net charge, as all of them were eluted out
in the same fraction along with the amylase/trypsin inhibitor. This

must have contributed to the low fold purification. It was also
observed that the amylase and trypsin inhibitor activities were
associated with each other, i.e. the same protein seemed to have
active site for both the enzyme inhibitors.

Fig. 4. Elution chromatogram of amylase/trypsin inhibitor by ion exchange chro-
matography for (a) amylase inhibitor and (b) trypsin inhibitor.
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they were compared with that of a partially purified ammonium
sulphate fraction. However further increase in fold purity of the
affinity chromatography and gel permeation chromatography frac-
tions was not possible as these samples gave a single band in
SDS-PAGE confirming the purity of the inhibitor molecule.
ig. 5. Elution chromatogram of amylase/trypsin inhibitor by gel filtration using
ephadex G-50 for (a) amylase inhibitor and (b) trypsin inhibitor.

.3. Gel permeation chromatography

Gel permeation chromatography was chosen for purification
fter ion exchange chromatography as the latter did not give sat-
sfactory purification in terms of fold purity. Hence there was

chance for further purification. Fig. 5 represents the elution
hromatogram of gel filtration using Sephadex G-50. The elution
hromatogram shows two peaks; first one could be because of a
arge molecular weight protein and second peak containing the
ifunctional inhibitor. Amylase/trypsin inhibitor was found to be
resent between fractions 6 and 12. An overall purification of 7- and
-fold was obtained with corresponding yield of amylase inhibitor
nd trypsin inhibitor being 67.4 and 50.3% respectively (Table 1).
t was observed that after gel permeation chromatography the
old purification improved but the % yield was less. This could be
ttributed to the fact that this downstream process was carried out
sing three steps as compared to affinity chromatography, which
ad a two tier approach for purification. The yield 67.4 and 50.3% for
IU and TIU were overall yields which were compared with ammo-
ium sulphate fraction. However the yields for the individual gel
ermeation chromatography step were 89 and 60.3% for AIU and
IU respectively when compared with ion exchange chromatogra-
hy.

.4. SDS-PAGE analysis
SDS-PAGE analysis of the 20–60% crude ammonium sulphate
raction, packed bed affinity, ion exchange, gel chromatography
nd molecular weight maker has been illustrated in Fig. 6 (photo-
raph of SDS-PAGE developed gel). From the photograph it was seen
hat affinity chromatography gave a single band proving that the
Fig. 6. SDS-PAGE of amylase/trypsin inhibitor purified fractions. M, molecular
weight marker (3500–43,000 Da); A, affinity chromatography; G, ion exchange fol-
lowed by gel chromatography; I, ion exchange fraction, AS, ammonium sulphate
fraction (20–60%).

amylase/trypsin inhibitor was purified completely in a single step.
Similarly ion exchange chromatography fraction showed multiple
bands (interfering proteins) which were removed using gel perme-
ation chromatography to give a single band. On the whole it was
observed that fold purification of the fractions collected using dif-
ferent chromatographic separations was not large enough because
Fig. 7. (a) Immobilization of AIU on activated Seralose 6B matrix as a function of
time. (b) Interaction of pancreatic amylase with immobilized amylase inhibitor as a
function of time.
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The molecular weight of the purified fraction was observed to
e approximately 14 kDa, which matched with the reported molec-
lar weight of ragi inhibitor protein [26]. The purified inhibitor also

nhibited proteinase, which was detected using caseinolytic activ-
ty method [15]. This further established the bifunctional nature of
he protein molecule.

.5. Determination of immobilized amylase inhibitor on activated
eralose 6B matrix

The activity of amylase inhibitor in supernatant as a function of
ime during immobilization of amylase inhibitor (affinity ligand)
n activated Seralose 6B beads is shown in Fig. 7a. It is observed
hat 80% of the loaded amylase inhibitor gets adsorbed in 6 h and
o further increase in adsorption is seen at 8 h.

.6. Interaction of immobilized amylase inhibitor (affinity ligand)
nd pancreatic amylase

The amylase activity (pancreatic amylase) in supernatant as
function of time during interaction with immobilized amylase

nhibitor is shown in Fig. 7b. It is observed that this immobi-
ized inhibitor interacts with pancreatic amylase to bring about

decrease in amylase activity in supernatant. Hence it can be
oncluded that the amylase/protease inhibitor from ragi holds a
otential value as bioaffinity ligand for the purification of amylases.

. Conclusions

Purification of a bifunctional amylase/trypsin inhibitor obtained
rom ragi (E. coracana) was carried out using two different down-
tream process approaches to observe impact of single step affinity
hromatography as compared with that of two step ion exchange
hromatography followed by gel chromatography. Affinity chro-
atography gave a fold purity of 7 and 5.3 and % yield of 82 and 72

or amylase and trypsin inhibitors respectively. On the other hand
on exchange chromatography gave a fold purity of 4.3 and 4.3 and
yield of 76 and 84 for amylase and trypsin inhibitors respectively.
el chromatography of the ion exchange fractions gave a fold purity
f 7 and 5 and % yield of 67.4 and 50.3 for amylase and trypsin
nhibitors respectively.

The results proved that despite of a low fold purity, affinity chro-
atography of the ammonium sulphate purified fraction proved to

e a better option for the purification of amylase/trypsin inhibitor
ecause it gave almost same fold purification with higher yield of
urified product in a single step as compared to the second strat-
gy (ammonium sulphate followed by ion exchange followed by gel
ltration chromatography). It is usually observed that due to avail-
bility of wide range of downstream process, it becomes difficult to
ake a right choice when difference in purification fold is not very
igh. However it is much more economical to get the same purifica-
ion fold in a single step with high % yield rather than using multiple
hromatography steps. So when purification is carried out to scale
p for commercial application, it becomes necessary to consider
echnologies from yield point of view.

[
[
[

B 878 (2010) 1549–1554

Amylase inhibitor obtained using affinity chromatography was
further used as an affinity ligand to purify commercial pancreatic
�-amylase. Interaction study of pancreatic amylase with immobi-
lized amylase/protease inhibitor showed a reduction in �-amyalse
activity. This study was primarily done as an application for observ-
ing binding efficiency of amylase/trypsin inhibitor as an affinity
ligand. Purification of amylase enzyme in industries involves multi-
ple procedures such as clarification, combined downstream process
with microfiltration. If amylase enzyme can be purified using amy-
lase/trypsin inhibitor, it will definitely help in obtaining higher
yield of the enzyme with superior purity. The results demon-
strated that bifunctional inhibitor from ragi (E. coracana) had a
high selectivity for �-amyalse, and could be used for the affinity
purification of commercial amylases. Further studies of bifunc-
tional amylase/trypsin inhibitor, in order to determine interaction
of inhibitors with target amylase enzyme and structure, is in
progress.

Overall ragi proved to be rich as well as a cheap source of
amylase/protease inhibitor. This gives us further scope for explor-
ing other such natural and cheap sources for the development of
bioaffinity ligands, which can be used in purification of enzymes
and therapeutic proteins. Eventually problems faced to reduce
number of unit operations as well as process economics can also
be taken care of by exploiting these natural resources to their full
capacity.
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